Three new biphenyls were isolated from Garcinia multiflora. The structures of these biphenyls were elucidated by spectroscopic methods, and their rotavirus activity was evaluated.
New Biphenyls from Garcinia multiflora

Introduction
Garcinia multiflora (clusiaceae) is a dioecious evergreen tree that grows to a height between 3-10 m in Southern China. This is a widely adaptable species growing in various habitats and at various elevations. The seeds yield up to 50% oil (seed pulp up to 55% oil), which is used for manufacturing soap or as a lubricant for machines. 1 The bark is used as an external medicine to reduce inflammation, whereas the timber is used for making furniture, boats, and woodcuts. 1 Previous phytochemical studies of Garcinia multiflora revealed the presence of xanthones, 2,3 benzophenone derivatives, [4] [5] [6] and biflavonoids, 2,7-9 and a wide range of biological activities such as anti-hepatocellular carcinoma activity, 4 anti-inflammatory, 5 anti-HIV, 9 antioxidant, 3, 10 and anti-tuberculosis activities have been reported for this species. 8 Motivated by the search for new bioactive metabolites from local plants, we investigated the chemical constituents of the stems of Garcinia multiflora growing in Xishuangbanna Prefecture, leading to the characterization of three new biphenyls (1-3) (Figure 1 ), along with maclurin (4), 3 2,4,6,3'-tetrahydroxybenzophenone (5), 3 4-methoxybenzoic acid (6), 10 luteolin (7), 10 and apigenin (8) . 10 The anti-rotavirus activity of 1-3 has also been evaluated.
Experimental
General experimental procedures UV (ultraviolet) spectra were obtained using a Shimadzu UV-2401A spectrophotometer. A Tenor 27 spectrophotometer was used for scanning infrared (IR) with KBr pellets. 1D and 2D nuclear magnetic resonance (NMR) spectra were recorded on a DRX-500 NMR spectrometer with tetramethylsilane (TMS) as internal standard (IS). Chemical shifts (d) are expressed in ppm with reference to the solvent signals. Electrospray ionization mass spectra (ESIMS), electron ionization mass spectra (EIMS) and high resolution electron ionization mass spectra (HREIMS) were performed on a VG Autospec-3000 spectrometer. Semi-preparative high performance liquid chromatography (HPLC) was performed on a Shimadzu LC-8A preparative liquid chromatograph with Zorbax PrepHT GF (21.2 mm × 25 cm) or Venusil MP C 18 (20 mm × 25 cm) columns. Column chromatography (CC) was performed using silica gel (200-300 mesh, Qing-dao Marine Chemical, Inc. 
Extraction and isolation
The air-dried and powdered stems and leaves of Garcinia multiflora (5.5 kg) were extracted four times with 80% aqueous ethanol (4 × 50 L) at room temperature and filtered. The filtrate was evaporated under reduced pressure, and the crude extract (260 g) was extracted by ethyl acetate and decolorized by MCI gel. The portion of the extract soluble in 90% methanol (85 g) was chromatographed on a silica gel column eluting with a CHCl 3 -acetone gradient system (20:1, 9:1, 8:2, 7:3, 6:4, 5:5), to give six fractions (A-F). Fractionation of fraction B (9:1, 4.6 g) by silica gel CC, eluted with petroleum ether-acetone (9:1-1:2), yielded fractions B1-B7. Fraction B2 (8:2, 0.86 g) was subjected to silica gel CC using petroleum ether-acetone and semipreparative HPLC (70% MeOH-H 2 O) to give 4 (4.8 mg), 5 (6.2 mg), and 6 (3.9 mg). Fraction C (8:2, 1.23 g) was subjected to silica gel CC using petroleum ether-acetone and semi-preparative HPLC (50% MeOH-H 2 O) to give 1 (5.7 mg), 2 (5.8 mg), and 3 (4.9 mg). Fractionation of fraction D (7:3, 2.5 g) by silica gel CC, eluted with petroleum ether-acetone (9:1-1:2), yielded fractions D1-D7. Fraction D3 (7:3, 0.85 g) was subjected to silica gel CC using petroleum ether-acetone and semi-preparative HPLC (45% MeOH-H 2 O) to give 7 (4.2 mg), 8 (4.5 mg). 
Rotavirus bioassay
The human rotavirus Wa group was used to infect the cell culture MA104 in vitro, the 50% cytotoxicity concentration (CC 50 ) and half maximal effective concentration (EC 50 ) were evaluated. 11 Ribavirin was used as positive control. MA-104 cells (1 × 10 5 cells per well) were grown in 96-well plates for 48 h. The media were removed and replaced by new media containing serial dilutions of compounds under test. After incubation for 72 h, the media were discarded, and 5 μL of MTT solution was added to each well. Plates were then incubated at 37 o C for 4 h. The solution was removed, and 100 μL of 0.04 mol L -1 HCl-isopropanol were added to each well to dissolve formazan crystals. Using a microplate reader, the absorbance of each well was measured at 540 nm. After subtracting the background absorbance at 655 nm, the 50% CC 50 of each compound was estimated by regression analysis.
In the mixed treatment assay, each compound was mixed with a 0.01 multiplicity of infection (MOI) of the rotaviruses at various concentrations (1-160 μg mL -1 ) and incubated at 4 o C for 1 h. The mixtures were inoculated in triplicates onto near confluent MA-104 cell monolayers (1 × 10 5 cells per well) for 1 h with occasional rocking. The solution was removed and the cells replaced with eagles minimum essential medium (EMEM) containing 1 μg mL -1 trypsin. The cells were incubated for 72 h at 37 o C under 5% CO 2 atmosphere until the cells in the control showed complete viral cytopathic effect (CPE) by light microscopy. EC 50 was estimated by regression analysis.
Results and Discussion
Compound 1 was obtained as a pale yellow gum. The molecular formula was determined to be C 20 H 22 O 6 from the molecular ion peak [M] + at m/z 358.1408 in the EI-HRMS. The IR spectrum indicated that 1 possesses hydroxy (3422 cm for a para-substituted aryl moiety. Therefore, the other OH group was assigned to C-10. The configuration of C-3' was not assigned. Accordingly, the structure of compound 2 was determined as shown (Figure 1) , and named multibiphenyl B.
Compound 3 was obtained as a pale orange gum, and its molecular formula was established to be C 18 ) groups. The connectivity of the protons and C-atoms was established by the heteronuclear single-quantum correlation (HSQC) spectrum. There were eighteen resolved peaks observed in the 13 C NMR spectrum (Table 1) , including signals for twelve aromatic carbons, one methoxy group, two methylenes, and two methyl carbons. Its 1 H NMR spectrum indicated the presence of twenty protons including five aromatic protons at d H 6.43 (1H, s, C-6), 7.16 (2H, d, J 8.6 Hz, C-8), 6 .86 (2H, d, J 8.6 Hz, C-9), and two methyl protons at d H 1.39 (6H, s, C-3' and C-4') and 3.86 (3H, s, OMe). Analysis of the NMR data, indicated that the spectra of 3 were similar to those of 2 except for the absence of an acetoxy group and one double bond and the appearance of two methylenes, thus suggesting that 3 and 2 possess the same substitution pattern of the benzene rings. The 13 C NMR spectrum of 3, when compared to that of 2, displayed an upfield shifted signal for C-4' (d C 26.7), the absence of signals for OAc, and upfieldshifted signals for C-1' (d C 21.1) and C-2' (d C 33.0). These data indicated the presence of two methyl groups placed at C-4, and the absence of double bond between 1' and 2'. The structure of 3 was then established as shown and named multibiphenyl C.
The new biphenyls 1-3 were tested for their ability to prevent the cytopathic effects of rotavirus in MA104 cells, and their effects were measured in parallel with the determination of antiviral activity using ribavirin as positive control, showing potent anti-rotavirus activity with therapeutic index (TI) above 10 ( Table 2) .
Conclusions
Three new biphenyls (1-3) were isolated from Garcinia multiflora, whose structures were elucidated by spectroscopic methods. The three compounds presented a promising anti-rotavirus activity. 
